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sworn, made the statements set forth in the attached instrument. 



Mrs. Liat Tsoref 
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(Signature of Consular Officer) 
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Consular Officer of the United States of America 
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1 0 u IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 




L. TSOREF et al. 
10/042,735 
October 25,2001 

BONE AGE ASSESSMENT USING ULTRASOUND 

3737 

JAWORSKI, FRANCIS J 



Honorable Commissioner of Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



AFFIDAVIT UNDER 37 CFR 1,131 

I, Liat Tsoref presently of 26 Anatot St., Tel Aviv, Israel, am an inventor of subject 
matter described and claimed in claims 1-63 of the US Patent Application identified above 

and hereby declare: 

1 . I reduced to practice the invention claimed in the above noted claims on a date on 
which I carried out experiments on children that indicated that through measurements of 
ultrasound at a location of their skeletal structure associated with bone growth during 
maturation are correlated with their ages. The experiments were carried out on two healthy 
children of different ages and measurements were acquired for each child at the ends of 
the radius and ulna bones near the hand. 

The date on which the experiments were carried out, July 4, 2000, is prior to the 
filing date of US Patent Application Publication 2002/0162031. 

2. Measurement data acquired from the children on the date of the experiments are 
shown in a photocopy, attached hereto as exhibit A, of a page from my log book in which I 
recorded the data. The date on which the data was acquired is indicated by the date shown 
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in the upper left hand corner of the log book page. English text in curly brackets with an 
arrow pointing to Hebrew text in the original document is added to explain the Hebrew 
text to which the arrow points. 

i;J- T^<f. 

Liat Tsoref 

Sworn to and subscribed before me 

on this 

Notary Public 
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ANATOMY 




.TTi^SmPB AND PROPORTIONS OF BONES 



SivW iSo/^^^^^^^^ of embryonic skeletal tissues (Murray & 

?n^.^* i^^r!^ ^^"^'J ^^^^^ 1^36); all major characteristics 
appear to be self-determined. Mechanical influences such as mould- 
. mg by muscular activity, often regarded as of first importance, do 
not operate when the primary form is being established. As muscles 
become active durmg prenatal life they may influence bone growth, 
• K r ^^tl^^'^^^V' '^y^ bi^th and up to adolescence 

^fur^fu \ ^[^ f^sed, increased activity augments growth 

m both length and girth. The reduced limb bone growth seen in 
paralyses, for example poliomyelitis, implies that muscle activity is 
necessary for proper skeletal development. Experimental studies 
iX removal of muscles point in the same direction (Appleton 
1934; Washburn 1947; Wolffson 1950), Increases in stren^h and 
stature show some temporal correlation in adolescents (Jones 1949) 
Metabolic influences affect bone growth at all stages of develop- 
ment The availability of calcium, phosphorus, vitamins A, C and 
D, and secretions of the hypophysis, thyroid, parathyroid, adrenal 
glands and gonads, are all essential to osteogenesis (see below) and 
hence to skeletal form and dimensions. Disturbances in any of these 
factors result m recognized pathologies; however, it is often difficult 
to distinguish pathological from normal variation. Body height is an 
example: between the extremes of dwarfism and gigantism (both 
resulting from hormonal dysfunction), much variation in height 
occurs Vanations in stature and other dimensions linked with age 
sex and race are in part genetically determined; but racial variations 
1960 Serl9^^^ profound effects (Greulich 1951; Acheson 

Body proportions and absolute dimensions vary widely in respect 
of age and sex (6.7) within and between racial groups. While partly 
rWfl , I muscularity and adiposity, such variations are 

^Q^fo/^i^^ i ' '^"""^y ^^^hropometry (Martin 1928: HrdliCka 
lyjy). The data of anthropometry may be non-metrical, such as the 
presence or absence of a feature (e.g. sagittal crest in Eskimo skulls 
preauricular sulcus in female innominate bones), or persistence of 
an entity (e.g. interfrontal suture), or degree of development (eg 
frontal ndges, projection of chin). However, most anthropometric 
data are measurements, by internationally agreed techniques in 
hving subjects or skeletal material. These may involve the whole 
body (e.g. stature), sections such as the limbs, or individual bones 
Proportions are expressed by indices, for example breadth of the 
skull as a percentage of its length (the cranial index), which may 
show ethnic variation. Mongoloid people, for example, have larger 
cranial indices than other races; they therefore have a relatively 
broader head which is also absolutely wider. A Mongohan child 
A ""u^^^^^l ^^^^ ^^^^ ^ ^^^^^^^ ^^ss than that of a Negro 

HmKc ^''h ^l^^ proportionately broader. Ratios between length of 
hmbs and sitting height', or between arm and leg, upper anS and 
forearm, thigh and foreleg, are all used and show differences related 

n f^^'f ^""^ "^^^^^s, where appropriate, are 

included m accounts of particular bones. 

Observations and measurements suggesting age, sex, size and race 
of an individual skeleton, or parts of it, are not only useful in 
anthropology and archaeology (Brothwell 1968; Warwick 1968) but 

Brash 1937; Boyd & Trevor 1953; Stewart 1954; Harrison 1957). 
Estimation of skeletal age 

at'd^™ w'^' age involves many criteria, varying in value 
aJ^ZT ^''^yP (including fetal life) dentition and 

ossification provide numerous data for assessment of age with 

rotZlZf^^'^^^^'L^^ of observations, available Statistics 

Sth tif ^^^.^^^^ffi^/t^es of individuals under examination, together 
with their nutritional and endocrine history. The latter data are 
rarely forthcoming; available tables of ossification usually apply to 
healthy Caucasian children and adolescents in Europe or A^^erica 
A tew studies of other racial groups exist (Todd 1931; Modi 1957)- 

"^ '^^ ^'^t'^'' ossification would necessarily be 
genetic, but there is no clear evidence for this (Krogman 1962) 
LtTt ^^^^^^tion are aff^ected by the wide divergence in 

^h^l 7}^ T^^'l """"i '^^^^^ S'^^P^ studied, in all of 

Which data females show eariier ossification and epiphyseal fusion 

n^'toZ'^^^^^^ "'^^^ presumably genetLVeverti^^^^^^ 

to l^thfn • ^ complete skeleton can usually be assessed 

to within a year, or more accurately in earlier years, especially if 



dental observations are available. (For details see Teeth and indi 
vidual bones.) 

Above 25 years skeletal age can be estimated to within five years 
by the appearance of the cranial sutures and of the bony surfaces of 
the symphysis pubis. From'midtwenties onwards, sutures exhibit 
progressive closure (p. 607, Todd & Lyon 1924, 1925a, b, c) which 
begins internally, so that without internal inspection observations 
may be misleading (Singer 1953; Genovese & Messmacher 1959)- 
complications due to racial variation have been recorded (Abbie 
1950). Progressive changes occur in the articular surfaces at the 
pubic symphysis. Features typical of ages from late teens to fifties 
and beyond are well-established (Todd 1920a, b, 21a, b; McKem & 
Stewart 1957), and this is generally considered the best method for 
estimation of skeletal age in maturity. Sequences of age changes 
have also been described in other bones (scapula, sternum and costal 
cartilages), but provide less accurate estimates. Lipping of the rims of 
vertebral bodies and at other articular surface margins, exaggerated 
secondary markings and ossification into tendons and ligaments all 
suggest advancing age, but only vaguely indicate actual age. 

Estimation of sex 

Estimation of sex in complete postpubertal human skeletons is 
usually easy, even without measurement. Sexual differences are 
marked in the pelvis (p. 673) and skull (p. 609), but not equally so 
in all populations. Thus *sexing* of skeletons from one racial group 
IS ahnost free from error, whereas assessment of an individual of 
unknown extraction is less certain. Postcranial bones other than the 
pelvis, especially larger limb bones, may provide clear evidence of 
sex, if others of hke race and both sexes are available for comparison. 
Female bones are usually smaller and more slender than male 
equivalents, i.e. smaller shaft diameter relative to length. This is 
reflected in their comparative weights: in a study of Hindu femora 
mean weights were 385 g in males, 279 g in females (Singh & Singh 

Anatomists, anthropologists, and forensic scientists have long 
judged the sex of skeletal material by non-metrical observations 
More recently, sexual divergence has been based upon measurements 
m many different bones (Montagu 1960; Krogman 1962) Dis- 
cnminant analysis, for example, in which the capital dimensions of 
70 humen were analysed (Rother et al 1977), showed that sex was 
not easy to establish; however, approximate age could be assessed 
5)uch studies emphasize the need for standards of sexual dimorphism 
m different populations. The pelvis remains, however, the most 
reliable region for assessing sex even before puberty, as well as in 
infancy (Reynolds 1947) and fetal life (Boucher 1957). 

Sexual dimorphism of thoracolumbar vertebrae in Australian 
subjects (aged 5 to 19 years) has been observed by Taylor and 
Twomey (1984), with female vertebral bodies being more slender 
Irom the eighth year onwards: there being greater growth in trans- 
verse diameter in males. 

Estfmation of size 

Estimation of size, particularly height, from measurements of limb 
bones has long been formulated (Rollet 1899), and with increasing 
accuracy as formulae have become more refined (Trotter & Gleser 
1958). All such calculations depend on the fact, familiar to artists 
(ct. Leonardo da Vmci), that major parts, trunk and limbs, exhibit 
consistent ratios among themselves and relative to total height- these 
ratios are hnked to age, sex and race. The relatively large head, long 
trunk, short arms and shorter legs present a familiar picture in 
infants which becomes grotesque in older children, and monstrous 
in adults. As infants grow, they change their proportions gradually 
towards adult shape, diverging towards one sex at puberty The 
hmbs become relatively longer, the shoulders broader and the pelvis 
narrower in adult males, as well as other differences (6.7). Between 
major races, and even smaller ethnic groups, characteristic variations 
m proportions appear. Negroes have comparatively long legs and 
arms: moreover, the calf and forearm are long relative to the thigh 
and arm. Consequently, formulae designed to estimate height from 
long bones in one population may not apply to another. Alternative 
formulae for the sexes must also be used, and immature bones must 
be recognized and suitable corrections made. 

Femoral length alone has commonly been used for estimating 
stature by using a simple multiplier derived from comparison with 
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